Objective: To study changes in lifestyle and biological risk markers in a 24-year follow-up study, and occurrences of cardiovascular diseases (CVD), cancer and total mortality from official registers. Design: A 24-year follow-up survey and register study of a cohort of men 33 -42 years old, examined with a health profile at baseline. With the health profile based on lifestyle, biological risk markers, self-rated mental stress and mental health, the men were separated in different risk groups. Setting: Primary health care center of Habo in Sweden. Subjects: All 757 men, 33 -42 years old, and living in the community of Habo in Sweden in 1985. Main Outcome Measures: Lifestyle, biological risk markers, morbidity from CVD and cancer, and total mortality. Results: Smoking and physical activity decreased during follow-up time while alcohol consumption increased. Biological risk markers, except diastolic blood pressure, deteriorated significantly with age. Based on threelifestyle groups, 16 % of the men had a more favorable lifestyle and 19% had a less favorable lifestyle at follow-up compared with baseline. The men, who had been classified as high-risk, based on the health profile at baseline, had a significantly higher incidence of CVD and cancer in the register study compared to men in a low-risk group. The baseline non-participant group had a significantly higher incidence of CVD and a higher mortality compared to the low-risk group. Conclusion: A health profile with a combination of lifestyle factors and biological risk markers can already at * Corresponding author.
Introduction
Cardiovascular disease (CVD) is the most common cause of total mortality and premature death (before 75 years of age) in Sweden as well as in other Western countries [1] [2] . However during the period 1997 up to 2012 premature mortality in myocardial infarction has decreased with approximately 50 % in Sweden and most western countries [3] . According to the INTERHEART study, more than 90% of the risk for acute myocardial infarction could be explained by nine modifiable risk factors, most of them being lifestyle factors [4] . The same factors in addition to cardiac disease were associated to 90% of stroke [5] . Lifestyle is also related to risk for cancer [6] [7] . In a Swedish study non-smoking, moderate physical activity and minor alcohol consumption together with four healthy dietary habits could identify 60-year-old men and women with substantially lower risk for CVD and death [8] .
Some kind of global risk assessment is recommended to estimate the risk for future death in CVD. SCORE (Systematic Coronary Risk Evaluation) is one such risk assessment system, developed by the European Society of Cardiology and modified for use in Sweden [9] [10] .
Another kind of risk assessment tool, a pedagogic health profile, was developed and used in a primary prevention programme for men, 33 -42 years of age, in the community of Habo in Sweden [11] . Each of 10 risk factors considered being most important for CVD and cancer was graded in 4 or 5 levels. This health profile was used in a health dialogue with a specially trained nurse. In that study a rather thorough examination of the nonparticipants was done [11] .
An improved health profile called "Health Curve" was later used in a health promotion programme for both men and women 30 and 35 years of age called "Live for Life" where community efforts were combined with a health dialogue with a nurse [12] . In the Health Curve dietary habits concerning fat and fiber intake were measured using a pedagogic food frequency questionnaire [13] .
Rather few studies concerning cohorts of men with a follow-up time of more than 20 years have been published. The study of British doctors, the Whitehall study and the Oslo study are such examples [14] - [16] . The 50-year follow-up of the male British doctors showed a progressive decrease in mortality rates among non-smokers in relation to continuous smokers, and that smoking cessation in different ages could add years to life expectancy [14] . On group level the continuous smokers lost 10 years of life. In the Whitehall study with 38-year follow-up time, there was a risk core based on smoking, diabetes, employment grade, blood pressure, serum cholesterol, and Body Mass Index (BMI) Men in the highest 5% risk score had a 15 year shorter life expectancy compared with those in the lowest 5% risk score [15] . The Oslo study was a primary prevention intervention study of men focused on lifestyle, especially smoking and dietary habits. The 28-year follow-up showed a decrease of leisure time physical activity (LTPA), and that LTPA had an independent predictive association with metabolic syndrome [16] .
In studies with long-term follow-up the study population is generally 40 years and older at baseline. There are some examples of studies where the study population is younger than 40 years at baseline [17] - [19] . The 21-year follow-up of the Cardiovascular Risk in Young Finns Study showed an increase in BMI, serum triglycerides and a decrease in blood pressure and serum cholesterol [17] . The men in Chicago Heart Association Detection Project in Industry study were 18 to 39 years at baseline [18] . In this study blood pressure above normal was significantly related to increased mortality due to CVD and all causes. The men in three large cohorts study were also 18 to 39 years at baseline [19] . The results from this study could show a graded relationship of serum cholesterol to longterm risk of CVD and all-cause mortality.
To our knowledge no studies on a cohort of men as young as in our study have been organized and carried out in primary care with a follow-up time of more than 20 years.
This 24-year follow-up survey and register study was done on all men 33 -42 years old at baseline in the community of Habo in Sweden.
There are four aims of this study: • To study if a long-term follow-up of men in a rather young age group at baseline, can be organized and carried out in primary health care with a high participation rate.
• To measure long-time changes, after approximately 24 years of follow-up, in lifestyle and biological risk markers for men taking part in the primary prevention programme in the community of Habo between 1985 and 1987.
• To study the association between food habits and a healthy lifestyle concerning physical activity, smoking and alcohol consumption, and the association between self-rated health and the different risk groups.
• To study morbidity from CVD, cancer and total mortality, on defined high-and low risk groups and nonparticipants in the whole baseline cohort of 757 men.
Methods

Baseline Survey
All 757 men in the community of Habo aged 33 -42 years in 1985 were invited to a health examination and a health dialogue with a specially trained nurse [11] . The health examination was done during the years 1985-1987.
A pedagogic health profile, with 10 risk factors considered being most important for CVD and cancer were classified in 4 or 5 levels, was used during this health dialogue The intention with the health profile was that the men should get a better understanding of the risk factors and the relation between the risk factors. At baseline the 652 men (participation rate 86%) who attended were grouped into a high-risk and a low-risk group depending of risk points in the health profile. The risk factors used for this grading were three lifestyle factors smoking; alcohol consumption and LTPA, the biological risk markers BMI, blood pressure and serum cholesterol, as well as self-estimated mental stress and mental health. Family risk factors were not used in this grading. The classification of the high-risk group was based on two criteria: 1) All men with at least one risk factor with risk point 4 or 5 except smoking and LTPA. 2) All men with at least 4 factors with risk point 3. The rest were classified as low-risk group. With these criteria 292 men were classified as high-risk group and 360 men as low-risk group. All 292 men in the high-risk group were advised to see a doctor for further discussion about the risk factors and how to lower these. The doctor decided on clinical judgment if complementary test and pharmacological treatment were to be recommended.
Participants were also grouped according to lifestyle summarized risk points in the health profile for smoking, LTPA and alcohol consumption. In the baseline examination there were 115 men with a favorable lifestyle (3 -5 risk points), 270 men in the middle group (6 -8 risk points) and 96 men in the group with least favorable lifestyle (9 -14 risk points). None in the healthy lifestyle group was a smoker at baseline.
Special intervention programs for men with elevated risk factors were carried out in the primary health care center and concerning physical inactivity in cooperation with local clubs. Altogether 418 of the 652 men who attended the health dialogue were recommended some kind of preventive measure. An oral glucose tolerance test was done on all 170 men, who reported a family history of diabetes and/or had a BMI ≥ 27 [21] .
Intervention programs in the health care center were smoking cessation groups and dietary education in groups. More details about the grading of the health profile, questionnaire, intervention programme, anthropometric measurements and blood tests have been described earlier [11] [22] . Men in the high-risk group, who had been to the consultation with the doctor, were also invited to a 1-year follow-up, where 161 men attended.
Follow-Up Survey
A new health dialogue and examination of the men was carried out during 2009-2010 after a mean follow-up time of 24 years. Due to lack of financial and personnel resources, a selection had to be made. Only those who were still living in the community of Habo or in the neighboring communities were invited to the new health examination. From the baseline high-risk group, all those who attended the 1-year follow-up (141 men) were invited, as were 155 men (every second on the list) from the low-risk group.
Those who were not invited and those who declined to participate in the new health examination were sent the same health and food frequency questionnaires [13] as those who accepted the invitation and attended. They were asked to measure body weight, height, waist and hip circumference at home after an illustrated instruction. The invitations were sent from Statistics Sweden in order to get correct addresses. A flow chart shows the different groups in the baseline and follow-up examinations Figure 1. 
Questionnaire
The questions in the new questionnaire used in the follow-up study were to a great extent the same as in the baseline questionnaire. A new food frequency questionnaire, measuring the intake of saturated and trans fats and fiber, which had been used in the "Live for life" health promotion programme, was added [12] [13] . The new health questionnaire included questions about lifestyle, psychosocial exposure, self-rated health, mental stress as well as own and family history of cardiovascular disease, hypertension and diabetes. The participants were also asked to specify which regular medication they were using.
Examinations
The anthropometric measurements and peak expiratory flow (PEF) were done in the same way as in the initial health examination [11] . Blood samples, taken in the seated position with a minimal stasis, were sent to and analyzed in the clinical chemistry laboratory in the county hospital of Jönköping. Serum cholesterol, triglycerides, S-HDL-cholesterol, and P-glucose were analyzed with an enzymatic method using the instrument ADVIA-1800 from Siemens. S-LDL cholesterol was calculated according to Friedewalds formula.
Health Dialogue
All men attending the examination had a health dialogue with a specially trained nurse. The main issue was how to improve lifestyle in a patient centered way. The men were also given a short brochure about healthy lifestyle and its positive influence on health, diseases and life expectancy. A doctor studied the questionnaires and blood tests and decided if complementary tests were indicated. A letter was sent to all men about the results of the measurement and blood tests and with further advice about lifestyle, and complementary blood tests.
Comparisons Made between Baseline and Follow-Up Surveys
• Separate lifestyle factors smoking, alcohol consumption and LTPA.
• Combination of lifestyle factors in groups.
• Biological risk markers weight, BMI, waist and hip circumferences, waist to hip ratio (WHR), systolic and diastolic blood pressure, serum lipids, blood glucose and PEF.
Register Study
All males who developed CVD, cancer or died were grouped into the high or low-risk groups of participants and non-participants respectively from the baseline study in 1985-1987 (N = 757). Data were gathered from health-care registers at the Swedish National Board of Health and Welfare. Data from these registers were available up to 2010. ICD-9 diagnoses from 1987-1996 were 410, 431, 432, 434-36. ICD-10 diagnoses from 1997 were I21, I22, I61, I63, I64, G45 and FN. All cancer diagnoses were grouped together. Two groups were formed: Those with at least one CVD diagnose, or cancer diagnoses and those without such diagnose. 
Statistical Methods
Results
Participation
During the new health survey, 108 men from the baseline high-risk group (participation rate 77%), and 137 men from the low-risk group (participation rate 88%) attended. The overall participation rate was 83%. Among those not invited to the health examination, 84 men in the high-risk group and 152 men in the low-risk group responded to the questionnaire (54% and 75% respectively) Figure 1 . Overall, 192 men in the baseline high-risk group and 289 men in the low-risk group responded to the questionnaires in the follow-up study.
Lifestyle and Self-Rated Health
Comparing lifestyle for all men, the time trend shows that smoking had decreased (p < 0.001). Of the 131 men (28%) who were smokers at baseline, 81 had quit. At follow-up 10% were daily smokers. The average alcohol consumption had increased from 12.6 cl/week to 22.1 cl/week (p < 0.001). LTPA had decreased (p < 0.001).
At baseline 92 men (48%) were smokers in the high-risk group and 39 men (13%) in the low-risk group. At follow-up 37 men (19%) were smokers in the high-risk group and 14 men (5%) smokers in the low-risk group. The alcohol consumption was significantly higher in the high-risk group (28 cl/week compared to 18 cl/week). LTPA was higher in the low-risk group, but there was no statistically significant difference.
An Analysis was done if there had been a shift between the three lifestyle groups from baseline to follow-up Figure 2 and Figure 3 .
This analyze showed that several men had changed lifestyle risk group and moved from a less favorable to a more favorable group and vice versa. Seventy-five men (16%) had improved their lifestyle from baseline and shifted to a more favorable lifestyle group. Ninety-fourmen (19%) had shifted to a less favorable lifestyle group, while 312 men (65%) belonged to the same lifestyle group booth at follow-up and baseline.
A healthy lifestyle concerning smoking, LTPA and alcohol consumption was also significantly associated (p < 0.001) with better food habits concerning fat and fiber intake measured with the food frequency questionnaire [13] .
Self-rated health is an important predictor for future morbidity and mortality. In the questionnaire there was a question where the participants could classify their perceived health into five different levels from excellent to bad. The 192 men in the high-risk group at follow-up estimated their health less favorable than men in the low-risk Figure 2 . Relation between summarized lifestyle risk points during baseline and follow-up examinations [23] . group (p < 0.001). There was also a significant trend (p < 0.01) at follow-up for those exhibiting a more favorable lifestyle to estimate their health to be better compared with those with a less favorable lifestyle.
Biological Risk Markers
The baseline and follow-up variables for biological risk markers were compared for the whole group of participants and questionnaire responders Table 2 .
Nurses did anthropometric measurements on the participants in the follow-up survey, and from those who were not invited there were self-reported values in the questionnaires. With the exception of diastolic blood pressure, which was significantly lower during follow-up, all other measurements had deteriorated.
Follow-up survey variables for baseline low-risk and high-risk groups were compared Table 3 .
In the baseline high-risk group most of the biological risk markers were significantly higher at the follow-up than in the low-risk group except for serum cholesterol and PEF. Medication for high serum cholesterol was used by 19% in the high-risk group and by 9% in the low-risk group.
Morbidity and Mortality
There were no significant differences between the three different baseline lifestyle groups concerning questionnaire reported hypertension, diabetes, cardiovascular diseases or cancer at follow-up. The baseline high-risk group reported significantly more cancer, hypertension and diabetes than the baseline low-risk group at follow-up.
In the registers from the Swedish National Board of Health and Welfare there were significantly more CVD among the baseline high-risk and non-participant groups than in the low-risk group Table 4 .
The total number of cancer was higher in the baseline high-risk group than in the low-risk group. The mortality rate was significantly higher in the baseline non-participant group in comparison with the low-risk group. Almost 7% of the whole cohort had died during follow-up time.
Discussion
The overall participation rate of 83% of those who were invited to a new health dialogue and health examination was high. In the 28-year follow-up of the Oslo study the participation was 62% [16] . The men in the Oslo study were 40 -49 years old at baseline. Only men living in Oslo and Akershus were invited to follow-up. It is comparable to our study where only men still living in Habo and neighboring communities were invited.
The most positive change in lifestyle factors was smoking cessation with a decrease from 27% to 10%. The decreasing proportion of smokers is similar to the national Swedish trend and figures from Statistics Sweden, although the prevalence of 10% daily smokers at follow-up in our study is lower. In Sweden in 1985 36% of men in age group 36 -40 years were daily smokers, and in 2010-2011 18% of men in age group 55 -64 years were daily smokers. In comparison with the initial examination, alcohol consumption had increased from a rather low level and LTPA had decreased. Self-rated health has in several studies been a good predictor for future morbidity and mortality [24] [25] . In our study the low-risk group and those with favorable lifestyle estimated their health more positively.
The biological risk factors, except for diastolic blood pressure had deteriorated significantly for the entire co- hort and especially for the high-risk group. The fact that serum cholesterol was not higher in the high-risk group could be explained by differences in lipid lowering medication. Medication for high serum cholesterol was used by 19% in the high-risk group and by 9% in the low-risk group. The change and deterioration of most biological risk markers is similar to men in the Whitehall study [26] . A study in Gothenburg of risk factors in a group of men 50 years old and another group of men 60 years old showed impaired anthropometric data, blood pressure, but not serum lipids among the older men [27] . The distribution in high-risk and low-risk groups based on the health profile seemed, at group level, to be able to predict a significant higher incidence of CVD and cancer, and a non-significant higher incidence of total mortality, in the high-risk group in comparison with the low-risk group. The baseline non-participant group had a higher incidence of CVD, and a higher mortality than the low-risk group. Other studies have also shown that non-participants have a higher morbidity and mortality than participants [28] - [30] . In our earlier study of the baseline nonparticipant group this group could be divided into three different groups [11] . Those men who did not participate because they had already taken part in a similar health examination, those who already had frequent contacts with health care because if different diseases, and those who were not interested [11] . It is reasonable to think that the higher morbidity from CVD and mortality in the non-participant group can be linked primarily to these last two groups.
In most studies with long term follow-up the study population is 40 years and older at baseline. There are some examples where the study population is younger and single risk factors can predict CVD. In the Chicago Heart Association Detection Project in Industry blood pressure was related to mortality in CVD after 25 years [18] . In a study of three cohorts serum cholesterol had a long time relationship to CVD and all-cause mortality [19] .
The SCORE-model based on age, gender, serum cholesterol, systolic blood pressure and smoking is designed to predict risk for mortality in CVD in 10 years for people 40 to 65 years [9] . This model was compared with the Framingham risk score and WHO/ISH model in Asian population 40 -65 years, and was considered suitable to identify high CVD risk [31] . The SCORE-model is also compared to a Swedish consultation-based method without laboratory examinations on a population 40 -59 years with equal result [32] . An aim for a future study can be to compare our health profile with the SCORE-model.
To our knowledge there are few examples of health prediction instruments for mortality of both cancer and CVD. The computer based Real Age is one example capable to predict mortality both for cancer and CVD [33] . In Real Age people could register health habits, family history, serum cholesterol, blood pressure and several psychosocial data. The data used in the Real Age register are similar to those in our health profile.
The strength in our study is the long follow-up time as well as the high participation rate among those who were invited. The limitations are lack of values for blood tests and blood pressures for those who were not invited, who also self-reported their own measurements of weight, height, and waist and hip circumferences. These data were thus not standardized according to the measurements that the nurses performed of the participants at the health care center. In spite of this we consider the self-reported data useful, and can be included in the data analyses. The Real Age register is also based on self-reported data [33] . There is always a risk for participation bias in follow-up studies. The high participation rate in our study and that those who were not invited were sent a postal questionnaire and asked to measure their weight, length, waist and hip circumferences are assumed to reduce the risk for participation bias. Another method to improve participation rate is to offer home visits to non-participants, as was done in the 32-year follow-up of the population study of women in Gothenburg [34] .
Conclusion
In conclusion this study shows that it was possible to organize and carry out a long-term follow-up study, of this at baseline relative young group of men, in primary health care with a high participation rate. The categorization of the participants in high-risk and low-risk groups from values in the health profile could predict the incidence of CVD and cancer after 24 years of follow-up. Concerning lifestyle factors smoking and LTPA had decreased. Alcohol consumption had increased but from a relatively low level. Biological risk markers, except diastolic blood pressure, deteriorated significantly with age.
